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In the 1992 Earth Summit in Rio de Janeiro world leaders adopted the Convention 
on Biological Diversity (CBD). It is the most important Convention dealing with 
biodiversity conservation: it follows the growing threat posed by human activity 
to biodiversity and it is inspired by the world community's growing commitment 
to sustainable development.  
The Convention has three main objectives: 
1.To conserve biological diversity  
2.To use biological diversity in a sustainable way  
3.To share the benefits of biological diversity fairly and equitably. 
The United Nations proclaimed 2010 “International Year of Biodiversity” 
(Resolution 61/203). Biological diversity - or biodiversity - is the term given to 
the variety of life on Earth and the natural patterns it forms. Biodiversity 
includes genetic variation within species, the variety of species in an area, and the 
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variety of habitat types within a landscape (David J., 2009). General interest in 
biodiversity has grown rapidly in recent decades, in parallel with the growing 
concern about nature conservation and as a consequence of accelerating rates of 
natural habitat loss, habitat fragmentation, degradation, and resulting extinctions 
of species (Lloyd J., 2009).  
The IUCN Red List of Threatened Species (also known as the IUCN Red List or Red 
Data List), founded in 1963, is the world's most comprehensive inventory of the 
global conservation status of plant and animal species. It estimates that 12-52% 
of species within well-studied higher taxa such as vertebrates and vascular plants 
are threatened with extinction. 
Species are classified in nine groups, set through criteria such as rate of decline, 
population size, area of geographic distribution, and degree of population and 
distribution fragmentation.  
Sardinia is widely considered for its peculiar variety of rare or uncommon 
animals, such as species of mammals: the Mediterranean Monk Seal (Monachus 
monachus, Hermann, 1779), the Giara horse (Equus caballus, Linneo 1758), 
the Albino Donkey (Equus africanus asinus var.albina 
  
Dott.ssa Stefania Uccheddu- “ Reproductive Biotechnologies: a new approach for cervids conservation”- 
Tesi di dottorato in “Riproduzione, Produzione, Benessere Animale e Sicurezza degli Alimenti di Origine 




Linnaeus, 1758), the Mouflon (Ovis aries 
Linnaeus, 1758, the Sardinian Long-eared Bat (Plecotus sardus 
Mucedda, Kiefer, Pidincedda and Vieth 2002), the Sardinian fox (Vulpes vulpes 
ichnusae, Miller 1907), the wild boar (Sus scrofa 
Linnaeus, 1758), Sardinian wild cat (Felis lybica sarda, Lataste 1885)  and 
the Sardinian red deer (Cervus elaphus corsicanus, Erxleben 1777). 
Nowadays in Sardinia, subspecies C. e. corsicanus is strictly protected under 
Appendix II of the Bern Convention and Annexes II* and IV of the EU Habitats and 
Species Directive and is included as a Near Threatened on the IUCN Red List 
(Lovari S., 2011). Population size estimates for Sardinian deer differ among 
authors, but at present, there may be more than 6000 (Apollonio M, 2010).  
 Several protection measures were implemented to avoid extinction in recent 
past but  despite the increase in numbers (Ente Foreste della Sardegna 2010; 
Ciucci et al.2009) there has been no corresponding increase in the spatial 
distribution of the Sardinian population, which is still limited to the three small 
areas that were occupied in the 1980s (plus Monte Lerno and Monte Linas where 
a few individuals have been reintroduced). 
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Nowadays, the fragmentation of suitable habitat is the major problem in 
conservation and preservation of genetic variability (Zachos F.E., 2011). To 
increase conservation options it would be useful the identication of additional 
sites suitable for reintroductions, for management, and for conservation planning 
(Puddu G., 2009) and, above all, the establishment of a Genetic Rescue Bank. If 
used properly, these Banks could preserve the current genetic diversity and give 






Conservation of threatened wildlife species could be carry out through two major 
approaches. The first is based on the preservation of habitat, generally on a large 
scale (Margukes and Pressey 2000; Hanks 2001). The second on breeding and 
propagating individual species ex situ (in captivity; Holt and Pickard 1999; 
Loskutoff 2003; Pukazhenthi and Wildt 2004). Habitat preservation would be the 
highest priority but it is not always feasible. 
  
Dott.ssa Stefania Uccheddu- “ Reproductive Biotechnologies: a new approach for cervids conservation”- 
Tesi di dottorato in “Riproduzione, Produzione, Benessere Animale e Sicurezza degli Alimenti di Origine 




Advanced biotechnologies could be considered an useful instrument to preserve 
endangered species, in in situ and ex situ conservation programs. Until now, 
several techniques have been applied: artificial insemination (AI), non invasive 
hormone monitoring,  in vitro oocyte maturation (IVM), fertilisation (IVF) and 
culture (IVC), embryo transfer and germplasm banking  (Pope 2000; Wildt et al 
2001; Monfort et al ,2003; Pukazhenthi and Wildt 2004) and recently cloning and 
stem cells technologies (Loi P. et al, 2011; Gomez M.C. et al, 2010). 
Production of embryo in vitro allows to produce multiple offspring from 
genetically valuable individuals. Potentially, it could allow more rapid expansion 
of a population than through natural breeding using also prepubertal and 
pregnant (Meintjes et al., 1995) females, ovarian tissue excision (Jewgenow K, 
2008) by embryo division or from males and females after death(Loskutoff et al., 
2003). Moreover, it is possible to control certain pathogens using treatment 
methods for semen or embryos (Wrathall & Sutmoller, 1998). 
In conclusion, the study of reproduction is fundamental for conserving species, 
populations and, indirectly, the vitality of entire ecosystems. However a 
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successful management of wildlife depends on intensive genetic and reproductive 
management. 
In our study we deepen into reproductive physiology of cervids in Sardinia and 
applied several assisted reproductive techniques that could be useful to support 
conservation strategies for Sardinian red deer and fallow deer. We collected 
gametes and tissue from males and females after death to produce embryos and 
set up a genetic resource bank. Moreover, we carried out in vivo 
electroejaculation on free living population to collect semen during breeding and 
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In nature, various forms of asexual reproduction exists: budding (jellyﬁsh, corals 
and tapeworms), fragmentation (worms), and parthenogenesis (some ﬁshes, 
insects, frogs and lizards). The Parthenogenesis is more rapid than sexual 
reproduction and permits quick exploitation of available resources. Cloning in 
biology is the process of producing similar populations of genetically identical 
individuals that occurs in nature when organisms such as bacteria, insects or 
plants reproduce asexually. In ART, reproductive cloning, is a technology used to 
create an exact genetic match of the donor. The ﬁrst cloning experiments on 
animals date from the nineteenth century. In 1891 Hans Driesch separated the 
blastomeres (cells formed in the ﬁrst stages of embryonic development) of a two-
cell embryo of sea urchin mechanically by shaking them in seawater. The cells 
started to grow independently and formed two whole sea urchins (Driesch, 
1891). However, it is only in 1963 that Tong Dizhou transferred the nuclei from 
cells of a male Asian carp to enucleated eggs of a female Asian carp, and therefore, 
generated the ﬁrst cloned ﬁsh in the world. In previous decades, researchers had 
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cloned micro-organisms and nematodes, as well as amphibians. However, before 
Tong, nobody had ever managed to clone such a complex organism. The ﬁrst 
success in mammalian nuclear transfer (mice) used embryonic cells as donors 
was reported by Illmensee and Hoppe (1981)but nobody could repeat this 
experiment. Even though some earlier publications had indicated that cultured 
cells of embryos at an advanced stage of development could be used as donors for 
nuclear transfer (Sims and First, 1993; Campbell et al., 1996), the birth of Dolly 
(Wilmut et al., 1997) was required for wide acceptance that it was possible to 
clone a grown animal by removing the nucleus of a somatic cell from an adult and 
inserting it into an enucleated egg. Afterwards, cloned mammals have been 
produced successfully in cattle (Kato Y., 1998), mouse (Wakayama T. , 1998), goat 
(Baguisi A.,1999), pig (Polejaeva IA, 2000), rabbit (Chesne P., 2002), cat (Shin T., 
2002), rat (Zhou Q, 2003),  white-tailed deer (Westhusin M., data not published) 
,horse (Galli C, 2003), mule (Woods GL, 2003), dog (Lee BC, 2005), ferret (Li Z, 
2006), red deer (Berg D.K.), buffalo (Shi D, 2007), capra pyrenaica (Folch J., 
2009), camel (Wani N.A., 2010) with different somatic cell types as nuclear 
donors.   
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Techniques in brief 
 
The predominant cell type of choice for reprogramming a somatic nucleus is an 
oocyte arrested at metaphase II. The technique of somatic cell nuclear transfer 
(SCNT) comprises the removal of the nuclear DNA of a metaphase II stage oocyte 
(enucleation), the injection of a single cell into the perivitelline space of the 
enucleated oocyte, followed by electrofusion, chemical activation and in vitro 
culture of embryos. The oocyte cytoplasm can restore totipotency: using nuclear 
transfer techniques to expose the chromatin (nuclei) to ooplasm, it is possible to 
reprogramme the DNA and consequently support complete embryonic 
development. 
In standard SCNT the zona pellucida is preserved: is regarded as important in 
supporting further development until the hatching. 
The most common way of inserting somatic cells is by injecting them under the 
zona pellucid and then using an electric impulse to induce cell membrane fusion 
between the enucleated oocyte and the somatic cell. Alternative ways include 
injection of the cytoplasm-free donor nucleus or the whole somatic cell into the 
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cytoplasm. Earlier attempts to induce fusion with chemical and viral agents have 
been less successful and would now be rarely used. When the embryo has been 
reconstructed, it must be activated. It is known that an increase in intracellular 
Ca2+ concentration is a universal response elicited by the sperm during 
fertilization of the oocyte (Whitacker and Patel, 1990). Given the importance of 
the Ca2+ release during fertilization, most of the currently used oocyte activation 
procedures rely on methods to induce an intracellular Ca2+ increase. The 
capability of Ca2+ rises to release oocytes from the meiotic arrest is related to the 
ability to trigger persistent inactivation of maturation promoting factor (MPF) 
and cytostatic factor (CSF), which is the result of c-mos and mitogen activated 
protein kinase (MAPK) activity (Lorca et al., 1993; Collas et al., 1993). It was 
demonstrated that a single Ca2+ rise, which is evoked by most of the currently 
used activation procedures, causes only a transient decline of MPF and CSF 
activity, which is not adequate for full oocyte activation (Lorca et al., 1993; Collas 
et al., 1993). Artificial activation studies have shown that the most effective 
stimuli are those which promote multiple intracellular calcium peaks (Vitullo and 
Ozil, 1992). Based on these, alternative methods of activation have been 
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developed that combine a transient inactivation of MPF obtainable with a single 
[Ca2+] rise, with a persistent inhibition of MPF, induced by addition of either 
protein synthesis inhibitors (e.g., CHX; Bos-Mikich et al., 1995) or non-specific 
kinase inhibitors (e.g., 6-DMAP; Liu et al., 1998a). Protein synthesis inhibitors 
usually restrict the synthesis or re-accumulation of cyclin B, thereby, blocking the 
re-synthesis of MPF activity (Presicce and Yang, 1994). Whereas, non-specific 
protein kinase inhibitors inhibit kinase activity of MPF by inactivating MAPK 
(Motlik et al., 1998; Gordo et al., 2000). 
Activation could be carried out with single agents, including ionomycin, ethanol, 
calcium ionophore A23187 and strontium; activation with ionomycin and ethanol 
in combination with either 6-DMAP or CHX + CB. Combined treatments, especially 
ionomycin + 6-DAMP and ethanol + CHX + CB, have a significant increase in 
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Cloning have been carried out using cumulus, (Kato Y, 1998, 2000;Tani T, 2002), 
ﬁbroblasts, (Kato Y, 2000; Zakhartchenko V, 1999), ovarian/granulosa, (Gibbons 
J., 2002, Wells DN 1998, 1999; Edwards 1999; Piedrahita JA, 2000), 
mammary(Zakhartchenko V, 1999; Kishi M, 2000), muscle, oviduct(Kato Y, 1998, 
2000), and uterine (Kato Y, 2000) cell types. Wakayama et al. reported cloned 
embryos originating from Sertoli or neuronal nuclei. After collection cells could 
be used immediately or after long term culture(Wakayama T, 1998). 
It has been shown that many adult cells are capable of reprogramming and 
providing for the development to the blastocyst stage: ﬁbroblasts (rabbit—
Mitalipov et al., 1998; Dinnyes et al., 1999; Lagutina et al., 1999;cow—
Zakhartchenko  et al., 1999c; Vignon  et al.,1999), mammary gland epithelium 
(sheep—Wilmut et al., 1997; Zakhartchenko et al., 1998, 1999a, 1999d), 
granulosa cells (mouse—Wakayama  et al., 1998; cow—Collas and Barnes, 1994; 
Kato  et al., 1998; Wells  et al., 1999), oviduct epithelium (cow—Kato et al., 1998), 
and Sertoli and nervous cells (mouse—Wakayama et al., 1998). 
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General scheme of nuclear remodeling: 
1) nuclear envelope is disintegrated and nuclear chromatin is condensed 
(Szollosi et al., 1986, 1988; Collas and Robl, 1991a, 1991b; Barnes  et al., 
1993; Campbell et al., 1993) 
2) the chromatin is again decondensed after activation, a new nuclear 
envelope and pronuclei are formed, and the nucleus is enlarged to the 
pronucleus volume (Szollosi et al., 1986; Stice and Robl, 1988;Collas and 
Robl, 1991a, 1991b) 
 
Nuclear reprogramming includes the morphological and molecular changes that 
nuclei undergo after transplantation into oocyte such as changes in chromatin 
and gene expression. Is possible not only with oocytes but also with fertilized 
eggs (or zygotes), showing that the reprogramming factors are still present at this 
stage(Egli D, 2007). Transfer of somatic nucleus to the oocyte leads to chromatin 
decondensation and nuclear swelling, histone replacement and DNA 
  
Dott.ssa Stefania Uccheddu- “ Reproductive Biotechnologies: a new approach for cervids conservation”- 
Tesi di dottorato in “Riproduzione, Produzione, Benessere Animale e Sicurezza degli Alimenti di Origine 




demethylation (similar to the processes observed during the germ line 
reprogramming) (Kikyo N., 2000). Reprogramming of the nucleus may be 
complete or partial. In the case of complete reprogramming, one could expect the 
birth of viable progeny from the reconstructed embryos, while in the case of 
incomplete or partial reprogramming the development of reconstructed embryos 
may be arrested at various developmental stages, which may cause loss of 
embryos in the preimplantation and postimplantation periods and, possibly, early 
postnatal mortality (Lagutina I, 2001). The degree of remodeling of the 
transplanted nucleus depends on the cell cycle stage of the recipient oocyte 
(Collas and Poccia, 1998). When the nucleus is transplanted in the oocyte at a 
stage between metaphase II and telophase II, it undergoes a complete remodeling 




Briefly, anomalies may be caused by the following factors 
  
Dott.ssa Stefania Uccheddu- “ Reproductive Biotechnologies: a new approach for cervids conservation”- 
Tesi di dottorato in “Riproduzione, Produzione, Benessere Animale e Sicurezza degli Alimenti di Origine 




- Inappropriate donor cell or/and recipient oocyte. 
- Inappropriate synchrony between the cell cycle phase of donor nucleus and 
recipient cytoplasm. 
- Inadequate reprogramming of the donor genome(The developmental defects in 
cloned animals are presumed to result, in part, from problems with the fidelity of 
genomic reprogramming, owing to a failure to erase ‘epigenetic 
memory’)(Simonsson S., 2004). 
- Inappropriate handling of oocytes, somatic cells and embryos during 
maturation, various manipulations and cultural techniques causing mechanical 
osmotic, electrical, toxic, thermal and other types of damage. 
Developmental anomalies produced by SCNT after embryo transfer include low 
pregnancy rates, an unacceptably high level of losses during early and late 
pregnancy, stillbirths, early postnatal deaths, short life-span, obesity and 
malformations. So far, these phenomena are poorly understood—a fact that is 
reﬂected in the lack of consensus in nomenclature and classiﬁcation. The 
frequency of abnormalities in cloned animals that have been generated by 
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nuclear transfer suggests that nuclear reprogramming is incomplete and that a 
better understanding of the mechanisms of gene regulation, particularly those of 




Application possibilities of cloning in research, industry and agriculture are 
theoretically almost limitless. The greatest potential of farm animal cloning seems 
to be the biomedical application: Bioreactor, xenotransplantation, disease models 
but also agriculture application such as copies of animals with highly valued 
traits, s to produce animals that can reduce negative agricultural effects on the 
environment. The potential application of adult cloning ranges from multiplying 
animals to producing a large number of genetically identical animals for research 
purposes. Dissemination of genetically superior animals would be made easier 
through the production of several copies of top breeding animals and the 
distribution of clones to production farms, particularly where access to artificial 
insemination and other assisted reproductive technologies is limited. Genetic 
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improvement programs would benefit from cloning embryos derived from 




This technique has been used widely (a) for studies on the mechanisms underlying  
nuclear-cytoplasmic interactions, (b) in attempts to rescue  highly endangered 
species, and (c) for the production of ntESCs (Tecirlioglu et al., 2006; Beyhan et al., 
2007). 
Somatic cell nuclear transfer has thus been suggested as a potentially integral part 
of wildlife conservation programs (Wildt and Wemmer, 1999; Ryder, 2002; Andrabi 
and Maxwell, 2007), for increasing the population of endangered mammals and to 
restore the extinct species (Kenneth, 2002).  
However, in exotic or endangered species, the lack of oocytes and recipients 
precludes the use of traditional somatic cell NT, and an approach such as 
interspecies NT may be the only alternative to produce embryos and offspring. 
Interspecies somatic cell nuclear transfer (iSCNT) involves the transfer of a 
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nucleus or cell from one species into the cytoplasm of an enucleated oocyte from 
another. In 1973 Tong D.Z., for the first time, inserted the DNA of an Asian carp 
into an egg of a European crucian carp, a related species, and created the first 
interspecies clone (Tong et al. 1973). One of the first attempts of interspecies NT 
in mammalian, using the enucleated bovine oocyte as recipient cytoplast was 
reported by Dominko et al. (1999).  Following studies using iSCNT have reported 
development to the blastocyst stage in the transfer of human (Chang KM), sheep, 
porcine and monkey nuclei into bovine oocytes (Dominko, 1999) and macaque 
nuclei into rabbit oocytes (Yang CX, 2003). Further iSCNT attempts using the 
bovine cytoplast and the karyoplasts from other species include somatic cells from 
pigs (Yoon et al., 2001), saolas (Bui et al., 2002), elands (Damiani), horses (Li et al., 
2002;Sansinena et al., 2002; Tecirlioglu et al., 2006), bears (Ty et al., 2003), 
humans (Cibelli et al., 2001), desert Big Horn sheep (Williams et al., 2006), yaks 
(Li et al., 2007), Siberian tiger (Song et al., 2007), elands (Damiani et al., 2003; Nel-
Themaat et al., 2008), red panda (Tao et al., 2009) and Sei whale (Lee et al., 2009). 
Bovine oocytes but also rabbit ones, have been considered “universal recipient 
cytoplasm” in cloning research because they represent an abundant resource and 
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have been demonstrated to be superior in nuclear transfer studies (Dominko, 
1999; Zhao ZJ,2006). 
The use of the iSCNT technique for cloning has great potential as a tool for the 
conservation of endangered mammal species, as demonstrated by the successful 
cloning of gaur (Lanza et al., 2000), mouflon (Loi et al., 2001), banteng (Sansinena 
et al., 2005), female gray wolf (Kim et al., 2007) and male gray wolf (Oh et al., 2008) 
The cloned gaur (Bos gaurus) was born after interspecies NT using bovine oocytes 
but unfortunately died within the first 48 h (Lanza, 2000).  
Just a few studies have been carried out on sheep oocytes for iSCNT till now : 
European mouflon was born after injection in sheep oocytes (Loi P., 2001). In 
another study, two pregnancies were established after interspecies NT using the 
domestic sheep (Ovis aries) as recipient cytoplasts and an exotic argali (Ovis 
ammon) as donor karyoplasts, but both of these pregnancies were lost by 59 day of 
gestation (White KL, 1999). The goat-sheep cloned embryos have the ability to 
develop to blastocyst in vitro (Ma LB, 2006), but Zhou H. (2006 and 2008) did not 
obtain any blastocyst after camel and horse donor cells in sheep oocytes. 
The efficiency of embryo cloning by nuclear transfer differs between species and 
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the procedures used. However, in spite of progresses, the technique SCNT, has 
presently a very low efficiency rate, thus more studies and approaches are 
required. Typically, only 1% to 5% of all cloned embryos transferred into 
surrogate mothers develop into viable offspring (Wilmut I, 2002).  
 
In the whole world 40  species of cervids have been classified and 23 of them are 
counted among endangered species (IUCN Red List). Nowadays, Fallow deer 
(Dama dama, Linneus 1758) could be considered out of risk but it may be deemed 
an useful model for Sardinia Red Deer (Cervus elaphus corsicanus, Erxleben 1777), 
living endangered  only in Sardinia and Corsica Islands. 
In the present study, we compared the ability of somatic cell nuclei of the Fallow 
deer and Sardinian red deer to dedifferentiate in sheep cytoplasts and to support 
early development after reconstruction. 
 
 
Materials and methods 
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Somatic cell culture 
 
Fibroblast cell culture was generated from an ear biopsy  of Sardinian Red deer 
(Cervus elaphus corsicanus) and Fallow deer (Dama dama). The skin biopsy was 
washed in Ca2+- and Mg2+-free Dulbecco’s phosphate-buffered saline (DPBS, 
Gibco) and minced with a surgical blade into 1 mm2 pieces. Minced tissue was 
plated in a 35 mm (Nunc) culture flask containing 5 ml of TCM 199+ 10% (v/v) 
FBS, penicillin and streptomycin, 0.1 mM sodium pyruvate at 38.5 ◦C in 
5%CO2/air. After 7 to 10 days of incubation, monolayer outgrowths with 
fibroblast-like morphology at primary culture (PC) were disaggregated with 2.5 
mg/ml of trypsin and passaged one to three times (P1–P3) before being frozen 
(frozen–thawed). The fibroblast were induced to enter a period of quiescence 
(presumptive G0) by confluence. 
 
 
Cryopreservation of fibroblast cells 
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Fibroblast at 90% confluence ( 1 × 106cells/ml), were suspended and frozen in a 
first generation cryosolution (40%FCS+10%DMSO+50%TCM199)after be 
disaggregated with 2.5 mg/ml of EDTA-trypsin. Then, fibroblast and 
cryoprotectant were transferred in a 2ml cryovial precooled at  4°C. The average 
cooling rate was 2,1°C/min from 0°C to -6O’C and 0.6”C°/min from -60°C to -70°C. 
-70°C. For thawing, cryotubes were plunged into water at 37°C for 30 to 45 s until 
half the ice melted, and the content was immediately transferred to a tissue 
culture tube with 10 mL of TCM199+10%FCS and then centrifuged at 1400 rpm 
for 5 min. 
 
Oocytes in vitro maturation 
 
Ovaries were harvested from adult females Sarda sheep and transported to 
laboratory at 30°C in Dulbecco’s PBS (Sigma Chemical Co.) supplemented with 
antibiotics, within 3h after slaughter.  Oocyte were collected from ovaries scraping 
follicoles into Petri dish containing 2 mL of TCM-199 supplemented with Hepes, 
heparin, streptomicyn and penicyllin. Oocytes collected (COC) were washed in 
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Hepes  TCM-199 (containing  1mg mL-1 PVA, 6 IU mL1 heparin, 100 IU mL -1  
penicillin and  100 IU mL -1 streptomycin) three times and selected for maturation. 
Afterward, selected oocytes were incubated in 0,5 ml of IVM medium (TCM-199 
with 10%FCS and 24,2 mg mL -1 sodium pyruvate, 0,1 mM cysteamyn, 0,05 IU mL -
1 FSH and  0,05 mL -1 LH, 100 IU mL -1  penicillin and  100 IU mL -1 streptomycin)  
in 4-well dishes (Nunc, Nunclon, Denmark) under mineral oil.  After 24h , cumulus 
cells were removed by gentle pipeting in H-TCM199 with hyaluronydase.  Mature 
oocytes were selected and were washed three times with SOF with 10% of estrous 
sheep serum.   
 
Nt with zona 
 
The Nt procedure was carried out by using a micromanipulator (Model MMO-
202D; Narishige Instrument, Tokyo, Japan) provided with an inverted microscope 
(Olympus IX-70, Olympus, Tokyo, Japan) and Hoffman modulation contrast optics. 
First, completely denuded oocytes were incubated in in Ca21- and Mg21-free 
modified SOF supplemented with 3 mg/ml BSA, 30 mM NaHCO3, 0.36 mM 
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pyruvate, 1 mM glutamine,and 50 mg/ml gentamicin (ECM medium), 20 mg/ml 
Hoechst 33342 and 20 mg/ml cytochalasin B (CCB). After that enuculeation was 
carried  out in handling media (ECM medium, in which NaHCO3 was reduced to 
15 mM, and 15mM Hepes was added, with 20 mg/ml of CCB and 2 mg/ml of 
sucrose (330–340 mOsm, enucleation medium). 
Removal of the metaphase spindle was performed with a enucleation pipette (20 
micron outer diameter) under fluorescence light. A single fibroblast cell was 
introduced into the perivitelline space of the enucleated oocyte. Cells and oocytes 
were fused in a fusion medium (0.3 M mannitol, 0.1mM Mg21, and 0.05 M Ca21). 
Activation of the fused couplets was performed 2–3 h after fusion by placing the 
couplets between two electrodes in a fusion chamber containing 3 ml of fusion 
medium and exposing them to two 60-msec DC pulses of 120 V/mm. Then 
couplets were incubated in 30-ml drops of SOF medium with 5 mg/ml CCB at 38°C 
in 5% CO2 for 4 h. The couplets were cultured in SOFaaBSA medium for 9 days. 
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In a preliminary experiment, we determined the position of the polar body relative 
to the metaphase chromosomes. The metaphase plate was adjacent to the polar 




In the present experiment, seven fallow deer cell lines were established and used 
as karyoplast. Two of them were used as fresh colture and five after freeze-
thawing. In total, 235 couplets were assembled with a medium fusion rate of 65%, 
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60,5% using fresh colture, 57,6% with frozen-thawed. 
Donor cells derived from the fallow deer skin cells showed ﬁbroblast cell 




No difference there were between fresh and frozen thawed culture and sheep 
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The rates of cleavage were different between fresh and frozen thawed fibroblast 
(p=0,012). No difference (P >0.05) was observed between cleavage of embryo 
obtained from fresh culture at the first passages (P1-P3) and following (P4-P8), 
but slightly statistically significant differences (p<0,05) could be observed 
between frozen thawed colture at the first passages and following. The fallow deer-
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 Fusion rate 
mean % ± SEM 
Cleavage 
mean % ± SEM 
Necrosis 
mean % ± SEM 
Fresh culture  
(1-3 passage) 
64±19,29 44,78±5,58a 29,8±1,8a 
Fresh culture  
(4-6 passage) 
66,6±6,11 32,41±5,99a 23,4±3,3a 
Frozen-thawed  
(1-3 passage) 
55±12,77 19,43±1,77bd 43,9±4,1be 
Frozen-thawed  
(4-6 passage) 
61,5±7,78 30,19±0,80bd 50,9±7,7bf 
Table 1: Fusion rate and cleavage  in iSCNT embryos using fresh and frozen/thawed cells of fallow 
deer with sheep oocytes. Necrosis of fresh and frozen/thawed cells of fallow deer. Results are 
expressed as mean±SEM. Values within the same column with different superscripts (a-b) are 
significantly different (P < 0.01). c-d are significantly different for (P < 0.05). e-f are significantly 
different for (P < 0.005). 
 
Red deer 
Just one frozen cell line have been used for Sardinian red deer. Fusion rate does 
not show significant difference between deer and fallow deer such as cleavage 
rates (p>0,05). Donor cells derived from the deer skin cells showed ﬁbroblast cell 
morphology, irrespective of the passage numbers of culture. In total, 241 couplets 
were assembled with a medium fusion rate of 72%. 
In our preliminary we obtained sheep morula and blastocyst with SCNT. The deer-
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sheep iSCNT embryos did not develop beyond the stage of 8-16 cells stage. 
 
 Fusion 
mean % ± 
SEM 
Cleavage 

















24% 38% 18% 16% 8% 
Red deer 
 
72,12±9,12 37±17 27,6% 29,3% 31% 12% 0 
Table2:Fusion rate, cleavage and embryo development in iSCNT embryos using frozen/thawed cells 






Our results demonstrated that iSCNT embryos from sheep oocytes and fallow 
deer/Sardinian red deer cells could be produced. The first cleavage indicated that 
sheep oocyte cytoplasm could successfully initiate the nuclear reprogramming of 
the transferred Sardinian red deer and fallow deer nuclei and that activation 
protocol used, induced proper cytokinesis of cytoplasmic division. Ovine MII 
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oocyte cytoplasm could initiate the reprogramming of a donor nucleus and 
stimulate the embryonic development: recipient oocytes were enucleated and 
confirmed by exposure to ultraviolet light. It is, therefore, reasonable to assume 
that the nucleo-cytoplasmic interaction of presumptive G0/G1 somatic nuclei with 
enucleated ovine MII oocytes were beneficial for the first mitotic cycles of the 
reconstructed embryos and the subsequent development to the morula stage. 
However, none of the reconstructed embryos developed past the morula stage 
during the culture period, which indicates a compromised developmental ability 
compared with the parthenogenetically derived ovine embryos (control) and the 
intra-species nuclear transfer embryos. 
This compromised efficiency in the development of reconstructed embryos to the 
blastocyst stage may be associated with several factors. 
The main cause of cloned blastocyst development low efficiency is inappropriate or 
incomplete ‘‘epigenetic/genomic reprogramming’’ of the transferred nucleus, 
which partially depends on a variety of technical and biological factors. 
Furthermore, the incompatibilities between nucleus and ooplasm in 
interspecies/generic NT study might be associated with abnormal gene 
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expression that inhibits normal progression of epigenetic events required to 
create a functional genome. The use of alternative SCNT techniques, such as 
iSCNT, is an interesting possibility for species with limited availability of oocytes 
and recipients. However, an 8- to 16-cell in vitro developmental block has been 
previously reported using this procedure (Yoon et al., 2001; Li et al., 2002; 
Sansinena et al., 2002, 2003, 2005), particularly when the species of donor 
karyoplasts and recipient cytoplasts are far apart in their taxonomic classification. 
Moreover, mitochondrial heteroplasmy is reported to be responsible for the 
developmental arrest in interspecies/generic reconstructed embryos 
(Thongphakdee A,2008) possibly from insufficient mitochondrial respiration that 
hampers the survival of cloned embryos (Dey, 2000). The influence of possible 
mitochondrial heteroplasmy and/or the deleterious effect of mtDNA of the cloned 
embryos on development should not be discounted. In the reconstructed SCNT 
embryos to term, the resultant animals exhibit one of three patterns of mtDNA 
transmission 1) homoplasmy derived  from  the recipient oocytes, 2)homoplasmy 
derived exclusively from the donor somatic cells or 3)heteroplasmy from the fusion 
partners (St John JC, 2004). In previous reports, the mtDNA of SCNT animals was 
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exclusively derived from the recipient oocytes (Takeda K, 2006). Conversely, it has 
been reported that in panda-rabbit iSCNT embryos, mtDNA from both panda 
fibroblasts and rabbit oocytes coexisted in early blastocysts (Chen DY, 2002). Level 
of compatibility between nuclear and mitochondrial genomes in iSCNT embryos as 
the existence of species-speciﬁc incompatibility between nuclear and 
mitochondrial genomes of closely related species has been demonstrated in 
primates (McKenzie et al. 2003). 
Fallow deer and Sardinian red deer are both members of cervidae family. 
Nevertheless, NT embryos develop differently. Fallow deer/sheep embryo reach 
16/32 cells stage, deer/sheep just 8/16. Increased levels of heteroplasmy 
introduced may explain the decreased cleavage rates in this experiment. The 
reason for this difference in developmental capacity between the cell lines is 
unknown but we can hypothized a sort of disparity. The genetic divergence 
between donor cells may represent a limiting factor influencing iSCNT outcome. In 
previous studies, remarkable variation exists among telomere lengths in cloned 
cattle produced from donor cells derived from 4 different kinds of tissue (Miyashita, 
2002). Development and competence of the cloned embryos were affected by the 
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genotype of the donor cells and the cell culture conditions (Heyman,2003). 
The transition from maternal to embryonic control of development and embryonic 
transition occurs by 8-16 cells in sheep. Therefore, the possibility of a relationship 
between the high rate of development failure and the transition from maternal to 
embryonic control of development should be considered. The development of 
interspecies embryos are first manifested at the time when the genome of the 
somatic cell becomes independent from the maternal transcripts and initiates 
transcription on its own (Beyhan et al., 2007), the failure of occurrence of which 
may lead to imposition of developmental arrest (Latham, 2005). 
The reasons of such developmental failure in our culture conditions are not clear 
and it could be ascribed to the quality of our in vitro maturation–in vitro culture 
(IVC) media or to the NT technique used. Another reason, could be the use of adult 
fibroblasts as donor cells, which have been reported to give far lower cloning 
efficiency compared to those obtained with fetal or new born fibroblasts in buffalo 
(Shah et al., 2009), cow (Saikhun et al., 2002) and pig (Lee et al., 2007). 
An aberrant DNA methylation pattern in iSCNT embryos may be another reason. 
Chen et al. (2004) demonstrated that demethylation of donor repetitive sequences 
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is driven by the recipient ooplasm, and ooplasms from different species have 
different capabilities to demethylate genes.  
In a preliminary experiment, the rate of fusion was increased with the increase of 
electric field strength, until these values reach a critical level. The process of cell 
fusion is controlled by biologically relevant membrane factors among which the 
rounding of the membrane, the cell shape and the formation of pores are of major 
inﬂuence (Sowers, 1989; Wu et al., 1994; Fuhr et al., 1996; Baumann & Sowers, 
1996). In our work, first passages of frozen cells are preferred to improve fusion 
rate, although primary cells are less synchronous and the cultures have more 
variability in the cell-cycle analysis than that in cells that have been passaged 6 or 
12 times.  
In our NT experiments, we used oocytes of similar type and source that were at 
the same meiotic stage (M-II, no activated). Only 12.0% of the presumptive 
embryos were fragmented and were unable to remodel the chromatin. From these 
results, it appears that chromatin remodeling failure may be partially due to the 
recipient cytoplast, but there are likely other factors involved as well. Such 
unknown factors may have contributed to the lower rate of chromatin remodeling 
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in the somatic cell line. Differences in the epigenetic status of the deer somatic 
nuclei may be a cause of the low rate of chromatin remodeling after NT (Surani A, 
2001). A better understanding of the molecular basis for epigenetic variation 
within the donor cells will help to understand its influence during cell 
reprogramming. 
Cloning is one of several ways of increasing the number of individuals within a 
population. Clearly, natural breeding is the preferred method for thriving 
populations; but by deﬁnition these are not of conservation concern. However, 
when populations of free-living species are found to be in decline, conservation 
biologists begin to seek methods of slowing or reversing the threatening 
processes. Aim of conservation breeding programmes, with or without the use of 
assisted reproduction, is the avoidance of inbreeding depression and the 
associated exposure of rare, and often deleterious, alleles. Some authors affirm 
that cloning is not a useful method in conservation of endangered animals 
because genetically identical offspring are undesirable: the objective is to 
maintain and maximize genetic diversity in the extant population. However, 
bacteria that  reproduce by cloning themselves, show an amazing adaptability. 
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The potency of epigenetic regulation is exemplified by the finding that queen and 
worker honeybees are clones. Despite their identical DNA, queens and workers 
have different behaviors, morphologies and reproductive capacities. They differ 
because some larvae, the future queens, ingest royal jelly. Effects of royal jelly can 
largely be mimicked by decreasing the levels of a single repressive epigenetic 
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In the last decade, conservation of cells has seen an intense increase correlated to 
the establishment of Genome resource banks (GRBs) for the collection and 
storage of somatic/gonadal tissues, cells, gametes and embryos from genetically 
valuable individuals of domestic and wild animals. GRB could be an useful tool in 
the genetic management of captive and wild populations and provides insurance 
against the sudden loss of diversity in a population (Wildt, 1992). 
 Although the first GRBs were established in 1952 for domestic animal genetic 
management programs (Polge and Lovelock 1952: Polge and Rowson 1952), an 
optimal conservation protocol does not exist. Cryopreservation of DNA kept at - 
70 °C or -196 °C is widely considered one of the best choices: genetic material 
could remain substantially intact for thousands of years in a relatively cheap way. 
However, apart from freezing, there are several other possible methods for the 
long-term storage of DNA in tissues such as preservation in pure ethanol or 
freeze drying (Revel A. et al, 2004; Dessauer et al.,1996), as dry smears on FTA 
Whatman papers (Smith & Burgoyne, 2001) or with the preservative RNA later 
(Vink et al., 2005).  Currently, the preservation of somatic cells may become an 
option preferable to the often difficult procedure of collecting and preserving 
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gametes and because they can potentially be used for nuclear transfer or cloning 
(Ryder & Benirschke, 1997; Wilmut et al., 1997). 
Several features need to be considered in a genome resource bank set up of 
somatic cells: 
1. Kinds of the cells; 
2. Methods for freezing; 
3. Proliferative lifespan. 
Fibroblasts isolated from skin tissue are the most frequently cells cryopreserved 
because they are among the easiest cells to culture in vitro (Freshney I,2002) and 
to freeze. In spite of this, also cumulus (Bhojwani et al., 2005), granulosa (Wells et 
al., 1999) and muscle donor cells (Green et al., 2007) have been stored in liquid 
nitrogen (LN2) for future culture. 
 Viability of frozen–thawed fibroblasts depends on several variables including 
cooling/thawing rates and types and concentrations of cryoprotectants that are 
known to affect structural integrity of plasma membranes (Muldrew et al., 2004).  
A commonly used method for freezing fibroblasts consists of adding the 
cryoprotectant, dimethyl sulphoxide (DMSO, 10% v/v) and freezing the cells in 
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cryovials at a rate of 1 ◦C/min in a commercial cryo-chamber containing 
methanol in a low-temperature freezer (LTF; −70 to −80 ◦C) for ≥12 h before 
storage in LN2 (−196 ◦C; Du et al., 2002; Kragh et al., 2004, 2005). However, 
bovine fibroblast and cumulus cells have been also frozen in a LTF at a cooling 
rate of ∼2 ◦C/min, stored at −70	◦C without storage in LN2 (Kato et al., 2000; Tani 
et al., 2000).   
Cells can be also retrieved from mammalian organs that have been frozen and 
stored without cryoprotectant for more than a decade (Hoshino, 2009). 
Moreover, genomic integrity of nuclei may be maintained after freeze-drying (Loi 
P., 2008), heat-denaturation (Loi P., 2002) and dead (Loi P., 2001) of the somatic 
cells. 
Proliferative lifespan of most somatic cells is limited in vitro (Hayflick et al 1962), 
and they can enter in a phase of growth arrest and term replicative senescence. 
Senescent cells remain metabolically active, arrested at the G1/S boundary and 
lacking the ability to divide (Allsopp R.C.,1996). The characteristics of senescence 
include alterations in morphology (increased cell surface and volume, flattening 
of the cell), function (over-expression of cytokines), gene expression patterns, 
  
Dott.ssa Stefania Uccheddu- “ Reproductive Biotechnologies: a new approach for cervids conservation”- 
Tesi di dottorato in “Riproduzione, Produzione, Benessere Animale e Sicurezza degli Alimenti di Origine 




resistance to apoptosis, shortened telomere length (Campisi 1996) and, above all, 
chromosome alterations (Giraldo A.M. 2006).  A number of known cytological 
mechanisms can account for the formation of abnormal chromosome number and 
morphology in cell strains. Cytokinesis failure, mitotic irregularities, and 
abnormal chromosome segregation can all result in abnormal karyotypes (Levan 
and Hauschka, 1953; Ford et al., 1959; Chu, 1962). Stable diploidy was 
maintained in rat cell cultures (Hsu and Kellogg, 1960a,b), but mouse cells begin 
to change their chromosomal constitution even in primary cultures (Chu, 1962).  
In our work, we would observe how freezing cervids (Dama dama, Linneus 1758) 
fibroblasts in a LTF (−80 ◦C) affects viability, apoptosis and ploidy status and if 
could be feasible to set up a genetic resource bank and for SCNT. 
Material and methods 
 
Fibroblast culture  
 
Fibroblast cell culture was generated from an ear biopsy of Fallow deer (Dama 
dama, Linneus 1758). The skin biopsy was washed in Ca2+ and Mg2+ free 
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Dulbecco’s phosphate-buffered saline (DPBS, Gibco) and minced with a surgical 
blade into 1 mm2 pieces. Minced tissue was plated in a 35 mm (Nunc) culture 
flask containing 5 ml of TCM 199+ 20% (v/v) FBS, penicillin and streptomycin, 
0.1 mM sodium pyruvate at 38.5 ◦C in 5%CO2/air. After 7 to 10 days of 
incubation, monolayer outgrowths with fibroblast-like morphology at primary 
culture (PC) were disaggregated with 2.5 mg/ml of EDTA-trypsin and passaged 
one to eight times (P1–P8) before being frozen. 
 
Cryopreservation of fibroblast cells 
 
Fibroblast at 90% confluence ( 1 × 106cells/ml), were suspended and frozen in a 
first generation cryosolution (40%FCS+10%DMSO+50%TCM199)after be 
disaggregated with 2.5 mg/ml of EDTA-trypsin. Then, fibroblast and 
cryoprotectant were transferred in a 2ml cryovial precooled at  4°C. The average 
cooling rate was 2,1°C/min from 0°C to -6O’C and 0.6”C°/min from -60°C to -70°C. 
-70°C. For thawing, cryotubes were plunged into water at 37°C for 30 to 45 s until 
half the ice melted, and the content was immediately transferred to a tissue 
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culture tube with 10 mL of TCM199+10%FCS and then centrifuged at 1400 rpm 
for 5 min. 
 
Evaluation of necrosis 
 
Cell necrosis was detected by propidium iodide (PI) labeling of fibroblast cultures 
with increasing passage number. Cells that stained with red, propidium iodide, 




Fresh and frozen–thawed fibroblasts were cultured in tissue culture 4 Well 
Dishes (Nunc) until reaching 50% confluence.  According to modified Iwasaki 
method (1992), cells were incubated in TCM199medium containing 0.28 μg/ml 
colcemid (Gibco) overnight. After that, fibroblasts were disaggregated with 2.5 
mg/ml of trypsin, re-suspended in TCM199 with 15% FBS and centrifuged at 
1000 g for 5 min. After discarding supernatant, pellets were re-suspended in 5 ml 
of 0.075 M KCl (hypotonic solution) and incubated at 38 ◦C for 5 min. Cells were 
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then centrifuged (1000g for 5 min), fixed for 10 min in methanol and acetic acid 
(3:1) and centrifuged again at 1000 g for 10 min. The fixation/centrifugation step 
was repeated three times. Then, fibroblasts were placed on ice-cold slides and 
dried in a gas flame. Fibroblast chromosomes were stained with a freshly 
prepared solution of 0.4% Giemsa for 10 min (Gomez et al., 2006). Chromosome 
spreads were examined by brightfield microscopy at ×100 magnification to 
assess the chromosome composition of each fibroblast culture. Images were 
captured using a digital camera (Moticam 2000, Motic China Group Co., Ltd) and 
analysed with Image J software (free version). Chromosome compositions were 
categorized as: either diploid cells containing a normal set of chromosomes 
(n=68), hypoploid (n ≤ 68) or hyperploid (n ≥ 68) cells, containing less than or 
more than the normal diploid number of chromosomes, respectively. 
Chromosome spreads that were nonsynchronized, scattered or overlapped were 
excluded from analysis. 
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Sta tistical analysis 
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All statistical analyses were performed using the SPSS 17.0 statistical software 
package (SPSS Inc, Chicago, IL, USA). All the data were checked by the 
Kolmogorov-Smirnov’s test in order to evaluate their normal distribution. One-
way ANOVA was performed in order to compare means between groups. Tukey 
post-hoc test was applied in case of homogeneity of variance (Levene’s test), 






Fibroblasts were in culture for 7-8 days before reaching 100% of confluence at P1 
for fresh colture, 9-10 days for frozen–thawed. On the other hand, following 
passages requested from 5-6 (fresh ) to 6-7 (post thawed) days to reach full 
confluence. 
1440 fallow deer fibroblast cells were analyzed. The most frequent chromosomal 
abnormality was hypoploidy in fresh and post thawed colture (129/360,35,8%, 
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301/900, 33,4% respectively, not statistically different), and it occurred more 




Passage 1 2 3 4 5 8 
Hyperplody(%) 8,33 5,00 6,67 5,00 3,33 0,00 
Hypoploidy(%) 15,00ab 21,67 28,33b 31,67b 40,00d 50,00d 
Table3 Hyperploidy and hypoploidy in fresh culture ab p< 0,05; cd p<0,0001 
  
Frozen-thawed culture 
Passage 1 2 3 4 5 8 
Hyperploidy(%) 7,33 5,33 6,00 5,33 4,67 2,00 
Hypoploidy(%) 15,33ac 18,67 28,00b 28,00b 34,00d 46,00d 
Table 4 Hyperploidy and hypoploidy in frozen thawed culture ab p<0,05;cd p<0,0001 
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Hypoplody cell percentage raises from passage 1 to passage 3 (p≤0,05) and 
became more pronounced after passage 5 (p≤0,0001). On the other hand, there 
are not differences in hyperploidy among passage in both, fresh and 
cryopreserved culture. 
Frozen culture showed high percentage of necrosis at first passage (39,13%) 
compared (p<0,0001) to fresh ones (22,3%). In spite of this, results showed a 
significant increase in fluorescence just from high (P5-8) passages p<0,0001 in 
thawed culture, while in fresh culture, necrosis increased in passage 3 
(p<0,0001).  






The necessity for genome resource banking of valuable individuals, breeds or 
species follows the dramatic increase in the loss of natural habitats, high rates of 
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inbreeding, and reduced reproductive performance in both wild and domestic 
animals.  
The results of the present study indicated that in vitro culture affect 
chromosomal status and necrosis of fallow deer fibroblast cells. LTF-80°C freeze 
effects seem to bear on necrosis but not on ploidy as already showed for LN2 in 
previous works(ref).  
Hypoploidy seem to be the most common chromosomal abnormality observed. 
Currently it is not clear the exact cause of the hypoploidy but abnormal 
chromosomal composition of tissues in primary cultures or during following 
passages is higher than in in vivo tissues (Chu, 1962) and this suggests an 
imperfect culture of the cells. The cell lines analyzed in this study contained an 
increased percentage of aneuploid cells immediately after the primary culture. 
This indicates that alterations in the cytokinetics, DNA replication, and/or 
condensation may occur during the establishment of the primary culture. 
Most hypoploid abnormalities are caused by failure of sister chromatids in 
mitosis or paired chromosomes in meiosis to migrate to opposite poles during 
cell division (Ono, 1971). Instead hyperploidy, may be a result of cytokinetic 
  
Dott.ssa Stefania Uccheddu- “ Reproductive Biotechnologies: a new approach for cervids conservation”- 
Tesi di dottorato in “Riproduzione, Produzione, Benessere Animale e Sicurezza degli Alimenti di Origine 




failure, including endo replication, non-disjunction(Levan and Hauschka, 1953; 
King et al., 1988, 1990). 
Cytokinesis failure, mitotic irregularities, and abnormal chromosome segregation 
can all result in abnormal karyotypes (Levan and Hauschka, 1953; Ford et al., 
1959; Chu, 1962). An additional proposed mechanism is abnormal 
phosphorylation of the histone H3 at the serine 10 during metaphase leading to 
abnormal chromosome condensation and chromosome loss during mitosis (Wei 
et al., 1999; Ota et al., 2002; Dossabhoy et al., 2003). 
 It is well know that even in vivo, each nuclear gene is subject to a small risk of 
spontaneous mutation at an estimated rate of 106 mutations per gene per cell 
division (Oback and Wells, 2002). It fallows that in vitro  chromosome aneuploidy 
(Denning et al.,2001) may reach 85%, as reported in porcine fibroblast after 
prolonged culture in vitro. On the other hand, in fetal porcine, sheep, and bovine 
fibroblasts aneuplody remained low after prolonged culture in vitro (5%, 13%, 
20%, respectively; Zhu et al., 2004; Denning et al., 2001; Kubota et al., 
2000)suggesting that, not only environmental factors such as culture conditions 
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and seeding density but also as donor age could be involved (Campisi 1996, Balin 
2002, Zhu 2004). 
Moreover we can not exclude that high concentration (0.28 _g/mL) of and 
extended exposure time to Colcemid would be correlated to aneuplody (Gomez 
MC, 2008). 
The lifespan of somatic cells is affected by culture conditions (Falanga and 
Kirsner, 1993), age of the donor animal (Kasinathan et al., 2001), tissue and 
species of 
origin (Rubin, 1997). Kasinathan et al. (2001) estimated that fetal bovine 
fibroblasts divided 30 times before reaching senescence; however, variations in 
the proliferative 
capacity can occur due to slight changes in the culture conditions. Time in culture 
induces changes in post-translational modifications of histoneH3(lysine 
18),H4(lysine 8), and H1 (Enright et al., 2003). It is also possible that in vitro 
culture conditions induce changes in the level of phosphorylated histone H3 
resulting in abnormal 
chromatin structure, missegregation, and loss of chromosomes. 
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In embryos several explanations have been mentioned: aging of oocytes (Maudlin 
and Frazer,  1978;  Ho et  al,  1994),  the IVF system itself  (Frazer et  al,1976;  
Maudlin and Frazer,  1978;  Iwasaki and Nakahara,  1990a), and the percentage of 
morphologically normal spermatozoa (Ho et al,  1994) but they can not be 
adopted for fibroblasts. 
Moreover several authors reported that theoretically, the process of non-
disjunction should produce an equal number of hypo- and hyper haploid . 
However in many cytogenetic studies a significant excess of hypohaploid 
complements is always reported. Thus, hypohaploid chromosome sets might be a 
technical artifact and hyperhaploid spreads are considered as evidence for non 
disjunction(Martin ,1984).  
We can state, from our experience, that the most importance aspect of the culture 
is a good initial concentration of seeding and an adequate composition of media. 
In preliminary observations, we found that culture with low seeding 
concentration (more than 10 days to reach confluence) showed more anomalies 
than high –concentration culture even in primary culture. On the other hand, 
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using of trypsin or pronase for dissociating and TCM199 or DMEM for culturing, 
did not affect our culture.  
In conclusion, cells frozen at LTF-80°C could be used as genetic banks and source 
for somatic cell nuclear transfer, but only  provided that could be improved 
culture conditions and used earlier passages (until passage 4). Moreover it could 
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Post-mortem collection of gametes from endangered animals and free living 
populations could serves as a valuable source to understand the physiology of the 
species. Moreover, gametes recovery could be useful to develop species-speciﬁc 
protocols for in vitro production of embryos (IVP) (Raphael et al. 1991; Loskutoﬀ 
et al. 1995; Hall-Woods et al. 1999; Keller et al. 1999; Herrick et al. 2004; Roldan et 
al. 2005; Rao et al. 2010) and somatic cell nuclear transfer technology (SCNT) to 
conserve endangered species. A few attempts have been made to explore the 
feasibility of recovery, in vitro maturation (IVM) and fertilization (IVF) of oocytes 
collected after accidental death as in kudu and impala (Loskutoﬀ et al. 1995), 
blesbok (Winger et al. 1997; Brad et al. 2004), addax antelope (Hall-Woods et al. 
1999), blackbuck (Keller et al. 1999; Rao et al. 2010), black wildebeest (Brad et al. 
2004), dorcas gazelle (Roldan et al. 2005) and springbok (Brad et al. 2004; Herrick 
et al. 2004; Krisher et al. 2006). In recent decades, concern about 
nature conservation has grown rapidly as a consequence of accelerating rates of 
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natural habitat loss, habitat fragmentation, degradation, and resulting extinctions of 
species (Lloyd J., 2009). Assisted reproductive techniques (ART) and Genetic 
Rescue Bank (GRB) could be considered useful tools to cope with fragmentation of 
habitat, one of the main problem in conservation and preservation of genetic 
variability (Zachos F.E., 2011). ART’s application allows in vitro production of 
embryos from genetically valuable individuals, with potentially more rapid 
expansion of populations than natural breeding. Moreover, conservation of genetic 
resource in Genetic Rescue Bank preserves biodiversity and gives future 
reproductive opportunities (Leon Quinto T., 2008).  
 
Reproductive Physiology Cervidae  
 
Reproductive strategies of Sardinian red deer and fallow deer could be included 
among so-called “K strategists”. They have lesser reproductive potential, lower 
fecundity (i.e. singleton births) and later sexual maturation (>1 year) and are 
generally mixed grazer/browsers with marked gregariousness and 
social/behavioural plasticity. Both are short-day breeder that mates during a rut 
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occurring shortly after the autumn equinox. 
Males and females reach sexual maturity at 18 months (Beccu E., 1989). Hinds are 
seasonally polyoestrous, and exhibit an oestrous cycle varying from 19 to 20 
days. Non-pregnant animals are capable of exhibiting continuously repeated 
oestrous cycles. In non-pregnant females the onset and termination of oestrous 
cyclicity occur in autumn and spring respectively, and they can express 5–8 
cycles. Anoestrus is characterized by low peripheral plasma concentrations of 
progesterone indicative of complete ovulatory arrest, and may persist for 4–6 
months from spring to early autumn.  
Photoperiod is the primary environmental cue controlling seasonal breeding in 
deer. The transition into the female breeding season is characterized by ‘silent 
ovulations’ (ovulations not preceded by overt oestrus) and short-lived (8–10 
days) corpora lutea. In fallow deer (Dama dama), multiple successive silent 
ovulations leading up to the start of the breeding season have been observed 
(Asher, 1985). 
Luteinisation of post-ovulatory follicles is associated with increased secretion of 
progesterone, with maximal concentrations in peripheral blood occurring 
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between days 10 and 16 of the oestrous cycle (Day 0 = oestrus). Luteal 
regression, which for fallow deer involves the classic interaction between 
oxytocin and prostaglandin F2a (Asher et al., 1988a), occurs rapidly about 1–3 
days before the return 
to basal progesterone concentrations and return estrus. In the seasonally 
breeding red deer hind, conception rates following natural mating during the 
autumn rut appear to be high (>85% per mated estrus), and early embryonic 
mortality (i.e. within 20 days of fertilization) appears to be low (i.e. <1%; Berg et 
al., 1994). Given that hinds are polyestrous, under circumstances where nutrition 
and disease are not limiting, adult female red deer generally exhibit greater 
annual fertility (i.e. >96% pregnancy rates), albeit with lesser (i.e. <1% of 
pregnancies) twinning (Asher and Pearse, 2002) e red deer embryo enters the 
uterus 2–3 days later at the blastocyst stage, 5–6.5 days after ovulation. 
Embryonic implantation in red deer occurs shortly before day 27 from ovulation 
(McMahon et al., 1997). Luteal support of pregnancy in red deer persist through 
the term of gestation, with peripheral blood progesterone concentrations 
remaining elevated to within 1–2 days of parturition the presence of a functional 
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corpus luteum is a requisite for a viable pregnancy (Asher et al., 1996; Plotka et 
al1982). Conception was highly synchronized (Pintus E. 2008) and gestation 
lengths for 230-240 days. 
 
Fallow deer IVP 
 
‘Cervidae’ family is represented by over 40 species and 200 subspecies 
(Whitehead, 1993) in the whole world. It is well known that more than half of the 
species (or subspecies) in this family are threatened or endangered. Physiology, 
reproductive strategies and consequently, in vitro embryo production (IVP) vary 
widely within and between regions and species for their wide set distribution.  
Oocytes maturation, fertilization and early embryonic development in vitro have 
recently been studied for Iberian red deer(Cervus elaphus hispanicus, García-
Alvarez O., 2011), white-tailed deer(Odocoileus virginianus-Siriaroonrat B., 2010), 
red deer(Cervus elaphus-Berg et al., 2008), sika deer(Cervus nippon-Comizzoli P., 
2001). So far, to our knowledge, no studies have been carried out on fallow 
deer(Dama dama, Linneus 1758) oocytes collection, fertilization and culture. 
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Fallow deer are dimorphic ungulates with typically polygamous mating system and 
high stagionality(Clutton-Brock et al. 1988; Apollonio et al. 1992; Moore et al. 
1995): reproductive behavior may be observed between late August and 
December. However, most matings occur during the rut from mid-October until the 
beginning of November(McElligott et al. 1998, 1999).  
The first aim of our study was to explore for a good protocol to collect gametes 
from free living population of fallow deer during breeding and no breeding season. 
Moreover, we evaluated if collection of oocytes from free living fallow deer, 
accidentally died, could be feasible for in vitro production of embryos.  
 




All chemicals used in the present study were purchased from Sigma Chemical Co. 
(Madrid, Spain), unless otherwise indicated. 
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In vitro maturation 
 
Ovaries were obtained from dead free living animals during breeding and no 
breeding season. We consider oocytes collected from January to July in “no 
breeding season”, from August to September in “prebreeding”, from October to 
November breeding and December “post breeding” in relation to follicle 
appearance and animal behaviour. “Out of breeding” season includes the period 
from December to September.  
Ovaries were rescued within 3 h after death of animal and transported to the 
laboratory at 20-25°C (room temperature, RT) in pairs in screw-top plastic tubes 
containing Dulbecco’s PBS solution. Immature oocytes were collected from ovaries 
scraping follicles into Petri dish containing Hepes-TCM-199 (1mg mL-1 PVA, 6 IU 
mL1 heparin, 100 IU mL -1 penicillin and 100 IU mL -1 streptomycin). Oocytes 
 that were degenerated and/or with expanded cumulus cells were removed. Those 
with dark homogeneous cytoplasm and surrounded by packed cumulus cells were 
selected and randomly placed in four-well plates containing 500 μL of TCM 199 
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with 10%FCS and 24,2 mg mL -1 sodium pyruvate, 0,1 mM cysteamyn, 0,05 IU mL 
-1 FSH and  0,05 mL -1 LH, 100 IU mL -1  penicillin and  100 IU mL -1 





At the end of the in vitro maturation period, COCs were examined for cumulus cell 
expansion and, after cumulus remotion, for extrusion of the first polar body.  
Meiosis status  was evaluated after in vitro fertilization. Oocytes no cleaved after 48 
h.p.i., were stained with Hoechst 33342  and observed  in a fluorescence 
microscope (Olympus N70) to determine maturation status and/or fertilization by 
the presence of ≥2 pronuclei or decondensed sperm heads. Incidence of nuclear 
maturation was defined as the number of oocytes at the telophase I/MII stage 
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Semen was collected from 4 adult stags lived in  the same enclosure during the 
breeding season (end of September). Stags were teleanesthetized by an 
intramuscolary injection (Wiener mischung) of xylazine (Rompun®, SS, Bayer) 
and tiletamine-zolazepam (Zoletil 100®, Virbac). Doses were: xylazine 1,25 mg/Kg 
and tiletamine-zolazepam 1,25 mg/kg in Sardinian red deer and xilazine 1,85 
mg/kg and tiletamine-zolazepam 1,85 mg/kg in fallow deer. Rectum and prepucial 
area were cleaned with physiological saline solution before electroejaculation. 
Electroejaculation was carried out using a rectal probe measuring 375 mm length 
and 200 mm width connected to a power source which allowed to control voltage 
and amperage. Electric impulses progressively increased were applied starting 
from 0,5 V till maximum 8 V. Each impulse last 5s followed by 5s pause. Ejaculation 
usually occurred between 2-4 V in fallow deer.  Samples suspected of urine 
contamination (abnormal color and observations during the electroejaculation 
procedure) were discarded. However, collection of semen in fraction allow to avoid 
bulbo-urethral fraction and urine contaminations. Semen collected was 
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immediately diluted in  1:1 (v/v) in TCF with egg yolk (20%) and transported at 
≤20°C to the laboratory where all analysis were carried out. Only sperm-rich 
fraction of each ejaculate was used for freezing. Semen was diluted until reaching 
200*106 spermatozoa/ml  with 6% glycerol. Semen was packed in 0.25 mL straws 
(IMV, L’ Aigle Cedex, France) and frozen in nitrogen vapours (4 cm above liquid 
nitrogen) for 10 min, and then transferred to liquid nitrogen. Straws were thawed 
in water bath at 37 °C for 35”. CASA SYSTEM V.12 was used to perform analysis 
post thawing. 
 
In vitro fertilization 
 
After 24 h, cumulus cells were removed by gentle pipetting in H-TCM199 with 
hyaluronydase. Mature oocytes were selected and washed three times with SOF 
with 20% of estrous sheep serum (Berg DK, 2002). 
 Then, the oocytes were transferred into 4-well dishes containing 450 μL of 
synthetic oviduct fluid as described by Berg and Asher  for red deer (IVF-SOF) with 
20% ESS. 
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Frozen electroejaculated semen from adult fallow deer was used for IVF. 
Spermatozoa in 0.25 ml pellets were thawed at 37 °C for 30 s, transferred to a glass 
tube with 1 ml SOF medium, and incubated for 40 min at 38.5 °C under 5% CO2 in 
air. Only the upper 0, 6 ml was collected, evaluated and used for fertilization. 
Semen and selected oocytes were co incubated in four well with 0,45 ml of IVF-
SOF till 18 h at 38.5 °C in 5% CO2, 5% O2 and 90% N2 in humidified atmosphere. 
 
In vitro culture 
 
Presumptive zygotes were washed three times in SOFaaBSA (Locatelli Y, 2005) 
and cultured in the same medium in 5% CO2, 5% O2 and 90% N2 humidified 
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All statistical analyses were performed using the SPSS 17.0 statistical software 
package (SPSS Inc, Chicago, IL, USA). For each variable means ± standard deviation 
were calculated. All the data were checked by the Kolmogorov-Smirnov’s test in 
order to evaluate their normal distribution. One-way ANOVA was performed in 
order to compare means between groups. Tukey post-hoc test was applied in case 
of homogeneity of variance (Levene’s test), otherwise Dunnet-T3 post-hoc test. 






Median value of electro ejaculated semen parameters before (fresh semen), after 
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Oocyte harvesting, fertilization and culture 
 
 
Figure 6 Cumulus expansion after 24h in vitro maturation 
 
A total of 144 cumulus-surrounded oocytes were selected for in vitro maturation. 
 Fresh   P-th   2h p-th   
 
Medium 
value ± DS 
Medium 
value ± DS 
Medium 
value ± DS 
Motile  71,21 ± 16,75 49,67 ± 1,63 24,78 ± 2,06 
Progressive 29,75 ± 13,23 12,00 ± 0,72 5,00 ± 0,54 
VAP 75,03 ± 29,87 40,92 ± 2,35 29,52 ± 1,53 
VSL 61,13 ± 25,02 29,22 ± 0,38 22,01 ± 1,96 
VCL 119,47 ± 39,86 77,44 ± 5,88 56,74 ± 5,09 
ALH 7,11 ± 2,74 8,08 ± 0,13 5,78 ± 0,48 
BCF 22,31 ± 16,46 14,10 ± 0,57 12,71 ± 1,36 
STR 77,71 ± 10,88 70,56 ± 3,03 71,33 ± 3,86 
LIN 52,00 ± 10,97 41,22 ± 2,99 40,67 ± 5,17 
Rapid 51,79 ± 28,09 29,56 ± 3,51 8,89 ± 0,42 
Medium  19,04 ± 11,28 20,00 ± 3,40 15,67 ± 1,78 
Slow 19,71 ± 12,02 43,44 ± 4,42 43,78 ± 7,51 
Static 9,08 ± 7,62 7,00 ± 2,62 31,56 ± 9,43 
Table 5Electroejaculated sperm parameters: median value 
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As showed in the table (Table 1), the number of oocytes collected from each ovary 











rate (%) Cleaved (%) 
No breeding 31 8,5±1,88 65,67a 20,36c 
Prereproductive Seasons 32 10±3,04 70,97a 22,71c 
Reproductive Seasons 67 8,25±1,73 78,13b 52,34d 
Postreproductive Seasons 14 7±0 71,43a 10,00c 
Table 6Within columns, values significantly differ for p<0,05 a-b, p<0,01 c-d 
 
Maturation rate showed slightly statistical difference between breeding and out 
of breeding season (p<0,01).  
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Table 7 Maturation rate during breeding and no breeding season 
 
On the other hand, cleavage was higher during breeding season (p<0,05). 
 
Tabella 8 Fertilization trend during breeding and no breeding season 
 
Embryos cleaved in vitro up to the 8-16 cells stage but none progressed to the 
blastocyst stage. 
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16 cells 8 cells 4 cells 2 cells 
47,06% 29,41% 17,65% 0,06% 






This study represents the first attempt to generate fallow deer embryos in vitro. 
Unusually, the collection has been carried during and out breeding season in free 
living population.  
A common problem when dealing with free living endangered species is the 
limited number of samples. The hunting of endangered species is not allowed and 
oocytes could be collected only from animals dead accidentally. Gametes 
recovered from post-mortem ovaries or testicles have been considered as 
valuable resource for conservation of germplasm of wild or endangered animals. 
Several papers describe optimal in vitro protocol assessed for farm cervids as 
model for endangered species. This approach could be of limited use in 
endangered species: endangered animals are not bred, the collection is not 
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concentrated in a season and animals sometimes could not be in best physical 
and reproductive conditions. We noticed that during breeding season could be 
possible to produce a fairly good percentage of embryos. Nevertheless, in regard 
to genetic value, it could be useful the collection during the whole year. Locatelli 
Y. (2006) with OPU obtained high cleavage rates independently of season or 
culture conditions (P > 0.05) but after 8 days of culture in SOFaa–BSA medium, 
embryos remained blocked at the eight-cell stage and no blastocysts were 
produced. 
The percentage of fertilization in vitro could be compared to recent publications 
on red deer (63%- Locatelli Y., 2005) or Iberian red deer (50%, García-Alvarez O., 
2010) if we consider only oocytes collected during breeding season. Locatelli 
noticed just a tendency (P = 0.26) for a higher ability of oocytes to develop to the 
blastocyst stage during breeding season. According to Berg D.K. (2003) 
early embryo cleavage rates decreased during no breeding season, blastocyst 
development rate dramatically decreased, with no blastocyst development after 
July.  
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Fallow deer oocytes followed a similar time course to complete the MII stage as 
has been reported for other domestic ruminant species (Moor and Crosby, 1985; 
Sirard et al., 1989; Pawshe et al., 1994) and cervids (Berg DK, 2002). Culturing 
red deer oocytes for 24 and 27 h allowed 50 and 75% of the oocytes to develop to 
MII when using standard ruminant oocytes maturation techniques (Berg DK, 
2002). Nuclear maturation rates have ranged from 61 to 78% in red deer (Berg 
D.K., 2002, Comizzoli P., 2001), sika deer (Comizzoli ,2001), reindeer (Krogenaes 
A, 1994). Maturation rate differ significantly between reproductive season and 
out of breeding period but not such as cleavage rate. Then, fertilization is not only 
correlated with maturation. Probably during breeding season, oocyte acquired 
specific competence. We hypothesized that exogenous gonadotrophin 
administration is not sufficient to fully restore oocytes function during the non-
breeding season in strongly seasonal free living animals. Moreover should be 
considered that low maturation rates in summer could be correlated to time 
interval between animal death and collection of ovaries because the onset of 
autolytic changes that cause degenerative changes in the follicles. In previous 
studies on ovaries from free living animal maturation rates is variable: eland 
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antelope (63%), springbok (35%), blesbok (39%), dorcas gazelle (47%) black 
wildebeest (52%). 
We did not notice statistical significantly differences in the mean recovery of 
oocytes for ovary. On the other hand, in OPU in red deer,  mean number of 
follicles aspirated and COCs recovered per hind per session decreased 
significantly during the non-breeding season (P < 0.001) (Locatelli Y, 2006). 
Probably we did not notice any difference because animals did not belong to a 
unique age class, have different body conditions, and above all  dominance status. 
However, although the differences are not statistically relevant, we noticed a 
tendency towards rise during prebreeding season.   
Serum, homologous and heterologous seem to have a beneficial effect on sperm 
motility ( Bavister 1975; Brown and Senger, 1980; Mandal et al., 1989). We used 
20% FCS in SOF media as capacitating agent as previously described in red deer 
(Berg D.K. 2003). We have never used deer serum but in previous paper seemed 
to significantly decrease fertilization rates from 73 to 24% (Berg D.K., 2003). 
 Unfortunately we could not surgically cannulated oviducts of fallow deer to 
evaluate exact oviductal fluid compositions but  we hypothesized that could be 
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more similar to red deer than sheep or bovine ones. When fallow deer 
zygotes were cultured in vitro, there was cleavage up to the 8- to 16-cells stage 
but none of the embryos progressed to the morula or blastocyst stage, suggesting 
the existence of a developmental block.  One possible explanation is 
that embryo culture conditions and compositions of media were not adequate for 
fallow deer embryos. Moreover we should consider that time of oocyte rescue 
was not fixed: Miao et al. (2007) demonstrated that the blastocyst rates declined 
remarkably when the time interval between removal of ovaries and animal death 
increased. Developmental competence is aﬀected by several factors such as age, 
season, reproductive status, nutrition and health of the donor animal (Ptak et al. 
1999; Saito et al. 2001; Zheng et al. 2001; Izquierdo et al. 2002; Koeman et al. 
2003). In vitro embryo culture procedures for wild ungulates are currently 
limited to protocols developed for domestic animals and Berg D.K. (2003) 
highlight cervine species-specific in vitro fertilization and culture requirements, 
even at a subspecies level. Using such protocols, blastocysts have been obtained 
after oocyte in vitro maturation, fertilization and culture in the axis deer (Axis 
axis), red deer (Comizzoli, 2001; Berg DK, 1995) and sika deer (Comizzoli 2001).   
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Post-mortem-derived oocytes that were matured in vitro developed to morulae⁄ 
blastocysts following IVF in klipspringer (Raphael et al. 1991), kudu and impala 
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The best source of germplasm in species can not be hunted is constitutes from 
postmortem collection and electroejaculation. Assessment of the sperm quality 
by the evaluation of standard semen parameters is a routine procedure in the 
prediction of male fertility. However, the best assessment of in vitro function 
involves sperm–oocyte interaction (Bavister 1990). In vitro homologous 
fertilization is the most adequate method to assess the fertility. Some authors 
have used homologous IVF assays as a predictor of fertility using zona-intact 
oocytes. Other authors, have used zona-intact oocytes of domestic animals to 
evaluate spermatozoa functionality by heterologous IVF tests (Roth TL,1998 and 
1999). Heterologous in vitro fertilization (IVF) is an attractive method to evaluate 
the fertilizing capacity of sperm samples in wild species because it does not 
require the use of valuable homologous gametes, above all when oocytes are poor 
available. The cross-species fertilization of oocytes from domestic farm species 
has been proven successful, using cryopreserved sperm form deer (Comizzoli et 
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al. 2001) and non-domestic Bovidae (McHugh and Rutledge 1998; Roth et al. 
1999. Recently, the sperm function was evaluated in several endangered African 
antelope by means of a heterologous IVF system with zona-intact domestic cow 
oocytes. Moreover, heterologous IVF has been used to evaluate fertility to assess 
the fertility of thawed ram sperm samples using calf oocytes with zona pellucida 
(Garcia Alvarez O., 2010).  
Usually, in heterologous IVF cleavage rate, fertilization rate, penetration rate, 
binding  have been evaluated.  (Kouba et al. 2001). In fact, the fertilizing 
capability of spermatozoa is believed to depend largely on their capability to 
cross the zona pellucida (D. Waberski et al). Three different systems have been 
developed to measure the capability of spermatozoa to interact with the ZP: (1) 
sperm–zona binding tests; (2) sperm–zona penetration tests; and (3) in vitro 
fertilization (IVF) tests. Binding assays depend on surface molecules in 
spermatozoa and their binding to sites or receptor-like molecules in the ZP, 
typically with epitopes on a protein functionally analogous to ZP2 in the mouse 
zona (Yanagimachi, 1994).  
  
Dott.ssa Stefania Uccheddu- “ Reproductive Biotechnologies: a new approach for cervids conservation”- 
Tesi di dottorato in “Riproduzione, Produzione, Benessere Animale e Sicurezza degli Alimenti di Origine 




Our aim was to evaluate correlation among cleavage, fertilization, penetration 
rate and binding with cleavage in homologous IVF. We would like to understand 
which parameter in heterologous fertilization could be evaluated to predict 
fertility in homologous IVF.  
 
Material and methods 
 
 
All animal experiments were performed in accordance with DPR 27/1/1992 (the 
Animal Protection Regulations of Italy) which conform to European Community 
regulation 86/609, and which adhere to guidelines established in the Guide for 
Care and Use of Laboratory Animals as adopted and promulgated by the Society 
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Oocyte maturation  
 
Adult (4–6 years old) ovine ovaries (Sarda sheep) were collected from 
slaughterhouse. After remotion, the reproductive tract was excised, and ovaries 
were placed in pairs in screw-top plastic tubes containing Dulbecco’s PBS 
solution and transported to the laboratory at 20-25°C (room temperature, RT) 
within 2 h after being removed.  Immature oocytes were collected from ovaries 
scraping follicles into Petri dish containing Hepes-TCM-199 (1mg mL-1 PVA, 6 IU 
mL1 heparin, 100 IU mL -1 penicillin and 100 IU mL -1 streptomycin). Oocytes 
 that were degenerated and/or with expanded cumulus cells were removed. 
Those with dark homogeneous cytoplasm and surrounded by packed cumulus 
cells were selected and randomly placed in four-well plates containing 500 μL of 
TCM 199 with 10%FCS and 24,2 mg mL -1 sodium pyruvate, 0,1 mM cysteamyn, 
0,05 IU mL -1 FSH and  0,05 mL -1 LH, 100 IU mL -1  penicillin and  100 IU mL -1 
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In vitro fertilization 
 
After 24 h, cumulus cells were removed by gentle pipetting in H-TCM199 with 
hyaluronydase. Mature oocytes were selected and washed three times with SOF 
with 2% of oestrous sheep serum.  Then, the oocytes were transferred into 4-well 
dishes containing 450 μL of synthetic oviduct fluid (SOF). Frozen 
electroejaculated semen from adult fallow deer was used for IVF. Spermatozoa in 
0.25 ml pellets were thawed at 37 °C for 30 s, transferred to a glass tube with 1 ml 
SOF medium, and incubated for 40 min at 38.5 °C under 5% CO2 in air. Only the 
upper 0,6 ml was collected, evaluated and used for fertilization. 
Fallow deer semen and sheep selected oocytes were coincubated in four well 






Dott.ssa Stefania Uccheddu- “ Reproductive Biotechnologies: a new approach for cervids conservation”- 
Tesi di dottorato in “Riproduzione, Produzione, Benessere Animale e Sicurezza degli Alimenti di Origine 




In vitro culture 
 
Presumed zygotes were washed three times in SOFaaBSA (SOFessential and non-
essential amino acids) at oviductal concentration (Walker et al. 1996), 0.o4% BSA 
under mineral oil, in maximum humidified atmosphere with 5% CO2, 5% O2 and 
90% N2 at 38.58C. and cultured in the same medium in 5% CO2, 5% O2 and 90% 
N2 humidified atmosphere for 9 days. At 24h and 48h cleavage rates was 
evaluated 
 
Sperm oocytes binding assay 
 
Sperm-oocyte complexes were then incubated for 18 hours in 5% CO2 in air at 
38°C and 100% humidity. After incubation, no cleaved sperm-oocyte complexes 
were pipetted three times with a 0.7 mm pipette in 100 μL droplets of phosphate-
buffered saline (PBS) with 0.5% BSA to remove loosely attached spermatozoa. 
Before evaluation the complexes were stained for 15 minutes in a solution of 30 
μL propidium iodide in 500 μL PBS with 0.5% BSA, at 38°C. oocytes were 
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transferred into 4-well plastic dishes (Nunc, Roskilde, Denmark) containing 
Hoechst 33342 and coincubated (20 min; room temperature (RT)) while 
protected from light. Oocytes were transferred onto a clean glass slide and 
compressed using cover slips. Each slide was examined immediately using 
fluorescent microscopy (X 40) to determine the number of sperm attached to 
penetrating the zona pellucida of each oocyte, and to assess the nuclear 
maturational status. The sperm-oocyte complexes were placed on a glass slide 
and slightly compressed by a cover slip, with a dot of vaseline in each corner. The 
spermatozoa bound to the ZP were counted with epifluorescence ultraviolet (UV) 
illumination. Penetrated oocytes were defined as those having sperms heads in 




Statistical analyses were performed using SPSS for Windows version 17.0 (SPSS 
Inc, Chicago, III). 
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value)±SD     
Motile  49,67 ± 1,63 
Progressive 12,00 ± 0,72 
VAP 40,92 ± 2,35 
VSL 29,22 ± 0,38 
VCL 77,44 ± 5,88 
ALH 8,08 ± 0,13 
BCF 14,10 ± 0,57 
STR 70,56 ± 3,03 
LIN 41,22 ± 2,99 
Elong 42,44 ± 2,18 
Area 33,43 ± 2,86 
Rapid 29,56 ± 3,51 
Medium  20,00 ± 3,40 
Slow 43,44 ± 4,42 
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Rate 35 ± 6,82 
Fertilization  31 ± 5,37 
Cleavage 14 ± 11,85 
 
Cleavage rate range from 13,7 % to 28,9% . The mean cleavage rate for all males 
was 14% ±11,85. Penetration and fertilization rates are shown in the table. 
Differences in fertility rates among males were not significant(p>0,05). 
  
Correlation among penetration, fertilization, cleavage  
 
We found high correlation between binding of fallow deer spermatozoa to sheep 
oocytes and homologous IVF (r= 0,998 p=0,002). Total numbers of sperm cells 
binding to the zonae Moreover binding could be correlated to penetration rates 
(r=0,979 p=0,021). No correlation was found between cleavage in homologous 
and heterologous IVF.  
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Heterologous fertilization rates is negative correlated with static spermatozoa 
(r=-0,991; p=0,009).  
Spermatozoa bound to the ZP of GV and MII oocytes. Binding was significantly 





In the study we correlated the relationship between sperm parameters, 
heterologous IVF and homologous IVF. We found that binding assay in a 
interfamiliae heterologous IVF could be considered a useful tool to predict 
fertility in IVF. 
Cross-species fertilization of oocytes from domestic farm species has proven 
successful using cryopreserved sperm from deer (Comizzoli et al, 2001b), and 
nondomestic Bovidae (McHugh and Rutledge, 1998; Roth et al, 1999). Recently, 
sperm function was evaluated in an endangered African antelope, the scimitar-
horned oryx (Oryx dammath), by means of a heterologous IVF system with zona-
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intact domestic cow oocytes (Roth et al, 1998; 1999). Human sperm function is 
assessed by the sperm penetration assay (SPA) with zona-free hamster oocytes 
(Yanagimachi, 1984), and also has been used in several domestic species (Davis et 
al, 1987; Berger and Parker, 1989; Hammitt et al, 1989; Choudhry et al, 1995; 
Berger et al, 1996) and wild species (Lambert et al, 1991). 
As previously showed, regarding heterologous IVF of zona-free bovine oocytes 
with deer spermatozoa, no relationship was found between standard semen 
characteristics and in vitro penetration (Comizzoli et al, 2001b). Generally few 
relationships were found between standard sperm characteristics and in vitro 
penetration ability (Martinez et al, 1996), and when they were significant, the 
regression coefficient was low (Hammitt et al, 1989). Few single sperm 
parameters appear to correlate significantly with in vitro penetration, especially 
when the quality of the samples is within acceptable ranges of normality. In 
addition, it has been proposed that the lack of correlation between conventional 
sperm parameters and the sperm penetration suggest that these assays measure 
different aspects of the viability and fertilizing capacity of spermatozoa 
(Jeyendran et al, 1984).  
  
Dott.ssa Stefania Uccheddu- “ Reproductive Biotechnologies: a new approach for cervids conservation”- 
Tesi di dottorato in “Riproduzione, Produzione, Benessere Animale e Sicurezza degli Alimenti di Origine 




Binding assay has been proved to be an useful tool to evaluate activity of semen: 
During the active period of the seasonal viscacha reproductive cycle, sperm 
showed a high binding capacity for zona-free hamster oocytes. During the period 
of gonadal regression, the population of viscacha spermatozoa demonstrated a 
reduced binding to zona pellucida and denuded oocytes, although they did not 
show any significant difference in the parameters of morphology, motility and 
vitality between the periods studied (Merlo A. et al., 2000). In previous study on 
red deer (Soler and Garde, 2003) relationship between motility index and cleaved 
oocytes were found. 
Moreover, it has been proposed that the lack of correlation among the 
conventional sperm parameters and assays of gamete binding suggest that these 
assays measure different aspects of the viability and fertilizing capacity of the 
spermatozoa (Jeyendran et al., 1984). Gamete recognition or primary binding 
between cells of the same species needs glycoproteins associated with the oocyte 
zona pellucida that recognize and establish a chemical link with complementary 
protein receptors of the spermatozoon(Bedford, 1991;Yanagimachi, 1994). Pre 
fertilization binding of spermatozoa to the zona pellucida is a receptor-mediated 
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event that involves cell surface interactions of sperm cell carbohydrate-binding 
proteins and glycoconjugates of the zona (reviewed by Wassarman, 1988; Saling, 
1989). This receptor-mediated process results in acrosome membrane exocytosis 
and is regulated by agonists in the zona itself (Florman and Storey, 1982). 
Heterologous inter-gamete binding occurs only rarely. In vitro analysis of species 
specificity of fertilization indicate that sperm capacitation and the physiological 
affinity between the sperm of one species and the vitellus of another may be 
important limiting factors, but the zona pellucida appears to be a major block to 
interspecific fertilization (Hanada and Chang, 1976; Juneja et al., 1998). 
However, other recent studies on thawed samples have obtained same results 
above all in no domestic species such as oryx (Roth TL, 1999). Motility of 
spermatozoa is an insufficient predictor of in vitro fertility in many species and is 
an inadequate measure of its functional competence (Amann RP, 1989; Roth TL 
1998). Recently heterologous IVF have been used to assess the fertility of thawed 
ram spermatozoa comparing results of heterologous in vitro IVF with 
homologous in vivo AI. (O. Garcıa-Alvarez, 2010). 
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However, interspecies mating is successful only between a few closely related 
species due to natural barriers or isolating mechanisms (McGovern, 1976). 
Among the domestic bovids, there are several examples of hybrids resulting from 
interspecies breeding. European domestic cattle (Bos taurus) successfully 
interbreed with zebu cattle (Bos indicus), and American bison (Bison bison) has 
been hybridized with European bison (Bison bonasus) and domestic cattle 
(Basrur, 1986). The domestic goat (Capra hircus) is able to hybridise with 
Barbary sheep (Ammotragous cerviae) albeit at a low frequency (Anderson, 
1988). Goats bred to sheep conceive but the hybrid pregnancies are generally lost 
by week 6 of gestation (Kelk et al., 1997a), although a few live-born goat–sheep 
hybrids have been documented (Bunch et al., 1976; Basrur, 1986; Anderson, 
1988). cattle and sheep gametes undergo fertilisation and the resulting hybrid 
embryos develop to the 8-cell stage (Kelk, 1997; Slavik et al., 1997). 
In conclusion, heterologous IVF can be useful to assess the functionality of sperm 
in endangered species, especially when it is not feasible or practical to collect 
large numbers of oocytes. However not only cleavage rate but also binding 
sperm-oocyte is a good indicator of in vitro fertility.  
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Reproductive biotechnologies have great potential as a tool for the conservation 
of endangered mammal species. We tried to apply some assisted reproductive 
techniques (ART) in the sardinian regional context, widely considered for its 
peculiar biodiversity. Our research had been driven in particular at cervids, 
Fallow deer (Dama dama, Linneus 1758) and Sardinian red deer (Cervus elaphus 
corsicanus, Exrleben 1777). This subspecies is strictly protected and is included 
as a Near Threatened on the IUCN Red List. First of all, we set up a genetic 
resource bank. Our first aim has been the preservation of gametes and somatic 
cells not only for storage but also for the application on somatic cell nuclear 
transfer. Sheep oocytes have been used as cytoplast, while fallow deer and 
Sardinian red deer as caryoplast. In vitro production of fallow deer embryos has 
been obtained in cloning but also thank to in vitro fertilization(IVF) of 
homologous oocytes. Semen had been previously tested for fertility in 
heterologous IVF with sheep oocytes. Our results showed that ART applications 
preserves the current genetic diversity, gives future reproductive opportunities 
and could allow more rapid expansion of a population. In conclusion, the study of 
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reproduction is fundamental for conserving species, populations and, indirectly, 
the vitality of entire ecosystems. However, at the moment, a successful  
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